20-FEB-2002 17:05 FROM tJ^fTne-Jones Laine & James TO Y T USA P. 02/21 



BKCO/NS/END.10 OS 



AM IMPROVED FILTER ELEMENT 

TECHNICAL FIELD 

This invention relates to fluid filter elements of the 
5 type which include a spring positionable in the fluid flow 

path such that the fluid can be forced to pass between the 
coils of the spring, 
BACKGROUND OF THE INVENTION 
C? In the assembled condition, the coils of such springs 

a 

Si 10 are held together in a controlled manner such that the 

~ filter gap between adjacent coils is of a known small 

width, typically a few tens of micrometers. The fluid path 
gap is defined, typically, by regularly spaced projections 
provided on one side of a rectangular section wire coil. 
15 In a known arrangement the coil is wound to form an 

open coiled spring and then compressed between end 
constraints so that the projections on one side of the 
rectangular section wire coil are in contact with the plain 
side of the adjacent coil. 
20 It will be understood, in the context of this 

specification, that the term "fluid'' refers to gases, 
vapours and substantially incompressible liquids. 

A back flushing facility is often provided in order to 
clean out the spaces between the coils. In order to assist 
25 in freeing the caked particulate mass which accumulates 

between the coils of the filter element, provision is made 
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to allow the spring coils to extend by a small amount so 
that a further small gap is generated between each coil's 
projections and the plain side of the adjacent coil. 
During the back flushing operation this small extra gap, in 
5 addition to providing an enlarged flow path for the 

flushing fluid, allows the coils of the spring to vibrate, 
being stimulated by the hydro-dynamic flow forces , the 
vibration further assisting in the cleaning uperaLion by 

Q freeing particulate matter adhering to the coil profile. 

Q 

sj 10 A typical existing Uwsiyu of filter element is 

2 described in WO-A-91/02578 . Here the spring filter element 

m 

U1 is wound in the form of an open coiled spring but with the 

M 

a coil to coil pitch varying from one end of the coil stack 

jj* to the other end. The spring is installed with the coil 

fU 15 axis vertical and the longest coil to coil pitches situated 
g at the lower end. If the spring stack is now compressed to 

f!y its slightly extended length in the back flushing mode and 

the coil to coil pitch variation has been correctly chosen 
then each individual coil in the stack will have been 
20 distorted axially to such an extent that it will just 
support the net weight of all the coils above with a coil 
to coil gap which is substantially constant over the stack 
length . 

Whilst the design disclosed in WO-A-91/02578 produces 
25 a satisfactory installed filter element the open coil 

pitches of varying length produce an uncompressed filter 
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element which is, typically , five or seven times the 
compressed length and is difficult to handle and store 
without damage to the coils. A further problem can arise 
because the relatively high ratio of free length to coil 
5 diameter will, in most cases, cause the spring to go beyond 
the ratio value when buckling of the coil stack occurs. 
This means that extra axial location of the coils, in 
addition to the end locations will be needed in most cases. 
O SUMMARY OF THE INVENTION 

Sj 10 This invention consists in a spring filter element 

80 

^ having a plurality of coils along its length, the coils 

^ bearing projections for engaging adjacent coils to define a 

N 

g minimum filter gap between the coils wherein the coils are 

n\ pre-tensioned with the degree of pre-tension varied 

fU is progressively along the length of the filter such that any 

I s * 

Q part of the filter, in one vertical orientation of the 

fy 

element, supports the dependent remainder of the filter to 
maintain a closed coil state during normal use and to allow 
substantially equal opening of the filter gaps between the 
20 coils when the element is extended and submerged in the 

fluid. 

The coils are normally pre-tensioned by a winding 
operation. The pre-tension may be varied continuously or in 
a stepped fashion. The latter case is acceptable provided 
25 the axial vibrations set up during the back flushing 

operations is still able to cause the plurality of coils to 
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separate from the adjacent coils . 

Preferably the variable coil to coil tension 
force is such that, when the stack is placed in a vertical 
position and a force is applied to open the coil stack to 
its back flushing length, the tension force produced by any 
individual active coil in the stack will be just sufficient 
to support the effective or net weight of all the remaining 
coils in the stack which are below the said individual 
active coil and produce a deflection which is substantially 
equal to the difference between the closed coil length of 
the stack and the extended for back flushing length of the 
stack divided by the number of active coils in the stack. 
This deflection will therefore equal the amount by which 
the controlled coil to coil gap has increased at the start 
of a back flushing operation. The term "active coil" is 
used in this context to differentiate from the one, two or 
three end coils which may be located on the end fixtures 
and therefore unable to deflect under load- Reference is 
made to the effective or net weight, because when the 
filter is immersed in fluid, the fluid will to an extent 
support the spring. Thus with a stainless steel coil 
immersed in water the weight that needs to be supported may 
be reduced by about 12%. 

In addition to the aforementioned problems of handling 
and installing the existing open coil spring element, the 
close coil spring filter element design exhibits further 
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advantages in manufacture which will result in a more 
economic solution to the problem of precision filtration. 

Firstly, it has been found that a heat treatment 
operation is necessary in the manufacture of open coils in 
5 order to prevent subsequent distortion of the coils after 

removal from the winding mandrels- In contrast with the 
more stable form of the close coiled element it has been 
found that, with the majority of metal alloys used in the 
manufacture of filter elements, the heat treatment 

S j 

\J 10 operation is not required. 

00 

jjj Secondly, with the existing open coil, variable pitch 

design of spring filter element, the variable pitch winding 

N 

s mandrel places a constraint on the diameter and length of 

3 

«j the installed filter element. The use of this bespoke 

15 tooling makes minor changes to element size required to 

Q take account of installed coil to coil gaps and variable 

HJ 

material properties of the filter element difficult and 

expensive to accommodate in a production organisation. It 

has been found considerably easier to deal with these minor 
20 physical changes to the filter element sizes when the 

manufacturing process has been set up for the production of 

close coiled spring filter elements. 

A further manufacturing difficulty can arise in 

effecting the sudden change in coil pitch required at the 
25 lower end of the open coiled, variable pitch stack. This 

is because it is necessary to have two or three non-active, 
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close pitched coils at each end of the stack to form a 
locating seating or abutment when the filter element is 
installed in its housing. In the new design all the coils 
apart from the end coils or, if desired, a group of non- 
5 active coils, are pre-tensioned to each other so there is 

no need to make special arrangements for seating the end 
coils apart from ensuring that the end coil or coils in the 
vertically orientated stack is/are secured axially to the 
O top and bottom abutments* 

Sj 10 The existing open coiled, variable pitch spring 

5: element requires an additional spring means to hold the 



IH stack in its close coiled state as well as guidance means 

SI 

a to prevent the coil stack from buckling. In the new design 

Q 

zr : of pre-tensioned close coiled element the separate spring 

§U 

fU 15 means may not be required and axial guidance of the coil 

□ stack may only be required in certain installations where 

hydrodynamic forces or mechanical vibration of the plant is 
liable to set up sympathetic radial vibrations in the coil 
stack. 

20 From another aspect the invention consists in a spring 

filter element in which the coils forming the element can 
be extended by a defined amount, the natural state of the 
element is in the form of a close coiled spring with the 
individual coils so formed to provide an initial tension 
25 force between coils wherein the initial tension force 

between adjacent coils varies from one end of the coil 
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stack to the other end, the variable coil to coil tension 
being such that with the coil stack located in a fluid in 
one vertical position and extended by the said defined 
amount the tension force produced by any individual active 
5 coil in the stack is just sufficient to support the 

effective weight of the remaining coils in the stack which 
are below the said individual coil and produce a deflection 
which is equal to the difference between the close coiled 
length of the stack and the said defined extended length of 
10 the stack divided by the number of active coils in the 
stack. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The improvements which are the subject of this 
invention will now be described, by way of example, with 
15 reference to a specific embodiment which is shown in the 

accompanying drawings in which:- 

Figure 1 shows a typical, variable pitch, prior art 
open coil spring filter element in its free extended state; 
Figure 2 shows an example of a new design of pre- 
20 tensioned close coiled spring filter element with an 

illustration of the unstressed shape which a single coil 
would take up if removed from near the installed top end of 
the stack and, for comparison, a corresponding shape of a 
single unstressed coil if removed from near the installed 
25 bottom end of the stack; 

Figure 3 shows a section through the element of Figure 
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2 with the bottom end fitted into a filter housing and the 
upper end provided with a sealing cap which contacts an 
upper region of the filter housing when the spring filter 
element extends during a back flushing operation; and 
5 Figure 4 shows a filter configured to generate the 

force required to extend the filter element to its back 
flushing length. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

O Referring to Figure 1, the prior art filter element 1 

O 

Cj 10 is formed from wire 2 wound into a coil spring shape, the 

03 wire being typically of rectangular section with the 

m 

y! shorter sides of the rectangular section being parallel to 

the spring axis. On one long side of the wire section are 
Jj! formed equally spaced projections 3, which define the gap 

fy 15 between adjacent coils when the spring is fully compressed. 

q For the purpose of drawing clarity, the height of the 

projections 3 above the wire section has been shown 
exaggerated: in practice this height will be chosen within 
the range ten to four hundred micrometres depending on the 
20 degree of filtration required. 

At each end of the stack can be, typically, two or 
three close coiled turns 4 and 5 of the wire which are used 
to provide a location and seating region. Some or all of 
the projections may be removed from these end regions of 
25 the coil stack. The remaining length of the spring is 

wound with the coil to coil pitch varying, the pitch being 
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smallest at the end 6 and steadily increasing to the 
largest coil to coil pitch at the end 7. When the filter 
element is installed with its axis vertical, the end 7 is 
positioned at the lower end so that the largest pitch coil 
5 is supporting the remaining coils in the stack. 

Provided that the pitch starting amplitude and the 
pitch variation are correctly chosen when the coil stack is 
installed vertically and is allowed to extend from its 

Q fully compressed length by the small amount needed for a 

O 

SI 



10 back flushing operation, each coil in the stack will take 



Q 



up a position at a substantially constant pitch from the 
adjacent coils. 

Referring to Figure 2, one example of the new design 
of pre-tensioned close pitch spring filter element 8 is 
Hi 15 shown in its natural state with all individual coils in 

close contact with each other. The pre-tensioned force, 
however, is varied during the winding operation such that 
the active coils 9 adjacent to the installed top end of the 
filter element have the greatest pre-tensioned force 
20 because these coils have to support the effective or net 

weight of all the remaining active coils below during a 
back flushing operation. 

The pre-tensioned force on each coil is successively 
reduced until the installed bottom end coils 10 are reached 
25 where the force is a minimum. In order to illustrate the 
variation in the coil pre-tensioned force employed when 
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winding the stack Figure 2 also shows the helical shapes 11 
and 12 which an active coil cut out from the corresponding 
positions 9 and 10 in the stack will take up when the pre- 
tensioned forces are released. 
5 The new design of pre-tensioned close pitch spring 

filter element is shown installed in a filter housing in 
Figure 3. The one or two upper coils 9a in the stack are 
anchored into a cap 13 which seals off the top end of the 
fa spring stack. Similarly, the one or two lowest coils 10a 

5 10 in the stack are anchored into the filter housing 14 which 

also contains the fluid port 15. 
n During a normal filtering operation the fluxd 15a 

flows from the outside of the filter element, through the 
9 coil gaps and into the central space of the coil stack in 

m 15 direction of arrows 16 and leaves the housing via the exit 

S port 15. The fluid flow is reversed during a back flushing 

m operation - the flushing fluid now entering port 15 and 

passing through the coil gaps in the reverse direction, 
leaving the filter element in directions 17. 
20 During the back flushing operation the flow through 

the coil gaps generates a small back pressure which acts on 
the area contained by the cap 13 attached to the upper end 
of the filter element 8. The upward force so generated is 
sufficient to overcome the combined effective or net weight 
25 of the coil stack plus the pre-tensioned forces in the 

coils causing the spring to extend until the cap 13 
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contacts the stop means 18 attached to the filter housing. 
The amount 19 that the filter element extends, when divided 
by the number of active coils in the spring stack, will be 
equal to the amount by which each coil has moved axially 
5 relative to the adjacent coils. This axial displacement 

may be adjusted by moving the stop means 18 , for a given 
number of turns, in order to accommodate different sizes of 
filtration gaps which can vary, typically, within the range 
ten to four hundred micrometres. 

10 Because the coils are no longer in contact with each 

other they are now free to vibrate under the action of the 
hydrodynamic forces set up by the back flushing fluid* 
This vibration of the coils combined with the increased 
coil gaps further assists the cleaning process. 

15 In certain cases, particularly when dealing with low 

density fluids such as gases, the back pressure generated 
by the reverse flow of gas through the coil gaps may be 
insufficient to extend the filter element. In these 
circumstances the extension of the stack may be 

20 accomplished by mechanical or pneumatic/hydraulic means, in 

the latter case by designing the cap 13 as a piston 
operating in a cylinder formed in the top of the filter 
housing 14. 

Figure 4 shows one method of achieving the back flush 
25 when the restricted flow through the coils does not produce 

a sufficient pressure drop (Pj, - P 2 ) to overcome the weight 
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of the cap 18, etc. In this case, the space above the cap 
is sealed off from the space below by a piston 41. Separate 
restrictions 42 and a solenoid operated stop valve 43 can 
be used in the arrangement shown to pull down the upper 
5 space pressure to a value below the exit pressure P 2 during 

a back flushing operation- This reduced pressure is 
denoted by P3. The net upward force can then be calculated 
M* as: 

zf (Pi acting on the area inside the coil) + (P2 acting on 

%J 10 the annular area between the coil and cylinder 

00 

gr t diameter) - (P3 acting on the full cylinder area) 

$ In an alternative embodiment, a pressure-reducing 

s valve can be used to pull down the upper space pressure 

C3 

fy instead of the restrictions 42. 

I* 15 Thus it can be seen that the close coiled filter 

Q element spring provides an alternative improved solution to 

5=5 • 

iy 

the provision of filter elements where a cleaning operation 
employing back flushing through the filter element is 
required. The close coiled filter element spring assembly 

20 consisting of the spring and end cap can further be used in 

a filter housing installed vertically where the extended 
length of the spring required for the back flushing 
operation is required to produce an extended coil stack 
where the additional coil to coil gaps generated by the 

25 extension are substantially equal along the length of the 

filter element therefore allowing the coils to vibrate in 
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response to the hydrodynamic forces set up by the fluid 
passing through the coil gaps. 

It will be particularly noted that in many 
applications it will be possible to have springs in which 
5 all coils are active. Further as the springs are more 
stable to transverse forces cageless configurations are 
possible in certain applications. It will be understood 
that in this art the term "cage" refers to the guiding 
surfaces, typically in the form of thin bars, which have to 

10 be added to the inside or outside of the coil stack in 

order to constrain the stack so that individual coils can 
only move in an axial direction. The word "cageless" is 
used to describe an installation where the guide bars are 
absent. Additionally, the pre-tensioning may allow the 

15 tension spring, which is obligatory in the Figure 1 

configuration, to be dispensed with. 
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